Background The Charlson Comorbidity Index (CCI) originally was developed to predict mortality within 1 year of hospital admission in patients without trauma. As it includes factors associated with medical and surgical complexities, it also may be useful as a predictive tool for hospital readmission after orthopaedic surgery, but to our knowledge, this has not been studied. Questions/purposes We asked whether an increased score on the CCI was associated with (1) readmission, (2) an increased risk of surgical site infection or other adverse events, (3) transfusion risk, or (4) mortality after orthopaedic surgery. Methods A total of 30,129 orthopaedic surgeries performed between 2008 and 2011 without any orthopaedic surgery in the preceding 30 days were analyzed. International Classification of Diseases, 9 th Revision codes were used to identify diagnoses, procedures, surgery-related adverse events, surgical site infection, and comorbidities as listed in the updated and reweighted CCI. A total of 913 patients (3.0%) were readmitted within 30 days after discharge; in 393 (1.4%) patients adverse events occurred; 417 patients (1.4%) had a surgical site infection develop; 211 (0.7%) needed transfusions, and 56 (0.2%) died within 30 days after surgery. Ordinary least squares regression analyses were used to determine whether the CCI was associated with these outcomes. Results The CCI accounted for 10% of the variation in readmissions. Every point increase in CCI score added an additional 0.45% risk in readmission for patients undergoing arthroplasty, 0.63% for patients undergoing trauma surgery, and 0.9% risk for patients undergoing spine surgery (all p \ 0.01). The CCI was not associated with surgical site infection or other adverse events, but accounted for 8% of the variation in transfusion rate and 10% of the variation in mortality within 30 days of surgery. Conclusions The CCI can be used to estimate the risk of readmission after arthroplasty, hand and upper extremity surgery, spine surgery, and trauma surgery. It also can be used to estimate the risk of transfusion after arthroplasty, spine, trauma, and oncologic orthopaedic surgery and the risk of mortality after shoulder, trauma, and oncologic orthopaedic surgery.
Introduction
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There is a relationship between comorbidities and readmissions after orthopaedic trauma surgery [23, 35] . In orthopaedic surgery, comorbidities have been identified as predictors of mortality after arthroplasty, trauma surgery, and oncologic surgery [4, 9, 18, 20, 21, 25, 27, 36] . Complications after ankle fractures, spinal metastasis surgery, and knee or hip arthroplasty also are associated with comorbidities [2, 12, [31] [32] [33] [34] as are infections after orthopaedic trauma, spine surgery, knee or hip arthroplasty [8, 17, 22, 36] , and transfusion after knee or shoulder arthroplasty [12, 29] .
The Charlson Comorbidity Index (CCI) [7] and its recent modification [26] are comorbidity-based measures developed to predict mortality within 1 year of hospital admission in patients without trauma. The updated CCI scores 12 comorbidities with various weightings giving a maximum score of 24 [26] . A higher CCI indicates a higher risk of death within 1 year. The CCI also has been evaluated as a predictor for outcomes after orthopaedic trauma surgery, postoperative adverse events after general surgery, and readmission for geriatric and general medicine patients [2, 9, 17, 30, [32] [33] [34] 37] .
We sought to answer the following: Is an increased score on the CCI associated with (1) readmission, (2) surgical site infection or other adverse events, (3) transfusion risk, or (4) mortality after orthopaedic surgery?
Patients and Methods
The Research Patient Data Registry is a centralized clinical data registry covering a patient base of greater than 4.0 million insured and uninsured patients from Massachusetts General Hospital and Brigham Women's Hospital, Boston. It comprises diagnoses, medications, laboratory scores, procedures codes, demographic information (sex, age, race, marital status) and visit entries. We used the Research Patient Data Registry to identify patients having orthopaedic surgery. A total of 30,126 orthopaedic surgeries met the following inclusion criteria: (1) surgery performed between 2008 and 2011, and (2) no prior orthopaedic surgery within 30 days of the operation. The included surgeries were performed with an equal distribution of males and females, with the majority of the patients being between 40 and 59 years old ( Table 1) .
The International Classification of Diseases, 9 th Revision, Clinical Modification (ICD-9-CM) was used to code diagnoses and procedures. Surgeries were excluded if data were missing for diagnosis codes (194 cases) or procedure codes (1270 cases). Surgery-related adverse events and infections (Appendix 1) and comorbidities as listed in the updated and reweighted CCI [26] (Appendix 2) also were classified using ICD-9 codes.
Statistical Analysis
Baseline characteristics of study patients were summarized with frequencies and percentages for categorical variables and as mean ± SD for continuous variables. Factors significantly associated with readmission, adverse event, surgical site infection, transfusion, and mortality were assessed in bivariate analysis using Student's t-tests and chi-square tests ( Table 2 ). Variables entered in these analyses were indicators for the ICD-9 procedure group, the surgeon, the patient's age group, sex, race and marital status, the timing of the operation, duration of operation, length of hospital stay, and orthopaedic subspecialty performing surgery (arthroplasty, foot and ankle, hand, shoulder, spine, sports, pediatrics, trauma, and oncology). For analysis of postoperative surgery-related adverse events and infections within 30 days of surgery, we excluded operations that were performed for surgery-related adverse events or infection within 30 days of another operation. Ordinary least squares regression analyses then were used to determine factors associated with readmission, adverse event, surgical site infection, transfusion, and mortality within 30 days of discharge, from the CCI and the other explanatory variables, which were significantly related to our dependent variables in the bivariate analyses. We decided against using logistic regressions for computational reasons. The coefficient of the ordinary least squares regression indicates the direction of one unit increase of the response variable in relation to explanatory variable. The R-square means the percentage of the variance of the explanatory variable is accounted by the response variables in the model.
Results

Readmission
A total of 913 of 30,129 patients (3.0%) were readmitted within 30 days after discharge. The CCI accounted for 10% of the variation in readmissions. Every point increase in CCI score adds an additional 0.45% risk in readmission for patients undergoing arthroplasty, 0.63% for patients undergoing trauma surgery, 0.90% risk for patients undergoing spine surgery (all p \ 0.001), and À0.27% for patients undergoing hand and upper extremity surgery (p = 0.092) ( Table 3 ). As a reference every year increase in age adds an additional 0.03% risk in readmission for all patients.
Surgical Site Infections and Other Surgery-related Adverse Events
Surgical site infections and other surgery-related adverse events within 30 days of surgery occurred in 393 of 28,604 (1.4%) ( Table 4 ) and 417 of 29,678 (1.4%) ( Table 5 ) patients, respectively. An increase in the CCI was not associated with changes in the likelihood of these events for all surgery types.
Blood Transfusion
Blood transfusion was prescribed after 211 of 30,129 (0.7%) orthopaedic surgeries. With every point increase in CCI score, the risk of transfusion was increased by 0.11% after arthroplasty (p = 0.044), 0.69% after spine surgery, 0.45% after trauma surgery, and 0.34% after oncologic surgery (all p \ 0.001). The CCI explained 7.5% of the variation in blood transfusion after orthopaedic surgery ( Table 6 ).
Mortality
Fifty-six of 30,129 patients (0.19%) died within 30 days after discharge. For every point increase in CCI score, mortality increased 0.25% after shoulder surgery, 0.24% after trauma surgery, and 0.33% after oncologic surgery. The CCI explained 9.9% of the variation in mortality after orthopaedic surgery (Table 7) .
Discussion
The ability to anticipate complications of treatment is essential to the effective practice of surgery. With the economic penalties associated with readmission after surgery with the Hospital Readmissions Reduction Program [6, 16, 19] , there now are financial and professional incentives to improve our ability to anticipate complications of treatment. The CCI has been used as a predictor for adverse events [2, 9, 17, 30, [32] [33] [34] 37] . Our study addressed the association of comorbidities as measured by the CCI on readmission and adverse outcomes after orthopaedic surgeries. We evaluated the correlation between CCI and risk of readmission, surgical site infection, other adverse events, risk of transfusion, and mortality after orthopaedic surgery. This study should be interpreted in light of several limitations. The data are from one registry representing a few years at two major teaching hospitals in the same area and therefore may not be generalizable. Our analyses on readmission did account for length of stay, although the relation of readmission and hospital stay has been questioned [11, 28] . We used ICD-9 codes to calculate the CCI (Appendix 2) and detect adverse events and surgical site infections (Appendix 1). ICD-9 codes may be inaccurate or incomplete in a large database, but the rate of errors seems acceptably low. The main drawback of using the CCI as a predictor of readmission or the other outcomes analyzed is that different conditions or combinations of conditions may lead to an equal index score. This blunt scoring system hinders the development of risk management protocols which should focus on specific conditions or interactions. In addition, we could not account for the severity of injury or complexity of surgery, both of which may influence surgery outcomes.
Readmission after surgery was associated with CCI for spine and trauma surgeries and arthroplasties but explained only a small amount of the variation in readmission. This is consistent with studies of medical patients [30, 37] . A retrospective study of readmission of general medicine patients admitted from the emergency department revealed a hazard ratio of 1.42 (95% CI, 1.07-1.89) for patients with a Charlson score of 2 to 4 and a hazard ratio of 1.93 (95% CI, 1.37-2.73) for patients with a Charlson score higher than 4 [30] . A prospective study on geriatric patients revealed that 3.1% of the variation in readmission in their study-population was explained by the CCI [37] . In our study, the CCI was not related to repeat surgery for adverse events or surgical site infection. In other words, adverse events judged to be related to the surgery based on expert review were not related to the CCI. Prior studies that included medical adverse events found associations with the CCI. One 10-year study of patients undergoing primary THA revealed increased CCI score as a predictor of infection, dislocation, revision, perioperative fracture, neurologic injury, and thromboembolic events [33] . In another study, the risk of deep venous thrombosis or pulmonary embolism (DVT/PE) after surgery for ankle fracture was increased in patients with higher CCI scores [32] . An analysis of thromboembolic adverse events after THA and TKA exposed higher CCI score as a risk factor (odds ratio, 1.2; 95% CI, 1.1-1.4) for DVT/PE in patients undergoing TKAs but not for patients undergoing THAs [31, 34] . One retrospective study analyzing patients after oncologic orthopaedic surgery found the CCI was a predictor of medical complications (eg, pneumonia, respiratory failure) [2] . Higher CCI scores were found to significantly increase the risk of infection at 10 years after spine surgery (hazard ratio, 2.48; 95% CI, 1.93-3.19) [17] . Some comorbidities, in particular diabetes, have an important influence on infections after orthopaedic trauma surgery [8, 22] . CCI was associated with increased use of transfusion in patients undergoing arthroplasty, spine, trauma, or oncologic orthopaedic treatment in our study. Some studies of transfusion after orthopaedic surgery do not involve comorbidities in their risk analyses [1, 15] , despite that some comorbidities (especially cardiovascular) commonly lead to increased need for transfusion. A prospective study of geriatric patients with primary hip or knee arthroplasty revealed coronary artery disease as a predictor of transfusion. The association between transfusion after shoulder arthroplasty and the number of comorbidities has been inconsistent [10, 12, 29] .
In our study, the CCI was associated with a higher risk of death within 30 days of discharge for patients with trauma, undergoing shoulder surgery, or receiving oncologic treatment. The association of the CCI with mortality after trauma is consistent with prior studies in which higher in-hospital mortality was found in patients with hip fractures with higher CCI scores [9, 25] .
This data set indicates that comorbidities as measured by the CCI have a significant influence on readmission, transfusion, and mortality after orthopaedic surgery, more so for certain subspecialties, but are not useful as a predictor of surgical site infection or surgery-related adverse events. To determine if these findings are generalizable, multicenter studies could be useful, although our conclusions are drawn from a robust data registry providing considerable power. However, since multiple comorbidities or combinations have the same weight, the CCI may not be helpful in developing risk management protocols focused on specific conditions or interactions, for which a more precise tool is needed. Using Current Procedural Terminology codes and other methods, more detailed analyses for common procedures in each orthopaedic subspecialty could be made, for example, by addressing different kinds of arthroplasty or severity of injury. Appendix 1. ICD-9 codes for variables used in this study* 
